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AIUIANDPUKALINIJA 3EMJBUIIITA KAO
JJUMUTHUPAJYRU ®AKTOP IIO/bOITPUBPE/THE
IMPOU3BOJABLE OINIITUHE JbY BOBUJA

H3Bona: Iporec anuanukanyje 3eMJbUIITa TOpa3yMeBa, IIpe CBera, CMambemhe
pH BpemHOCTH 3eMJBMIIHOT pacTBOpa. Moxke OMTH pe3ynTaT CIOPUX AYroro-
JUIIBUX, TPUPOIHUX IIPOLeca MM 3HATHO yOp3aH, Kao pe3yiTar KoMOMHanuje
MPUPOIHUX MPOIIeca U AHTPOTIOTEHOT YTHIaja. AnuanuKannja mpeacTaBiba Beo-
Ma 3HavajaH GpakTop TpajHe Aerpagalnje MIOJHOCTH 3eMJBHILTA, KA0 HajBaXKHH]jer
1 TEIIKO 0OHOBJBHBOT IIPHPOIHOT pecypcea.

ITpoyuaBamwa OCET/BHBOCTH 3€MJBHIITA Ha Ipolec auuauduKanuje cy BpIIeHA
Ha nozpy4jy Onmrune Jbybosuja, mpumenom Tpu Metona. Jlepunucame crerme-
Ha OCETJFMBOCTH 3€MJBHILTA Ha Ipolec anuanpukanmje omoryhasa mpaBoBpe-
MEHE aKTUBHOCTH Y CMaIbeHby OMIITE KUCEIOCTH 3eMJBHIITA. YIIPaBJbambhe M0Jb0-
MPUBPEIHUM 3EMJBUIIHUM TPOCTOPOM, HA H3/IBOjEHUM MOBPIIHHAMA, OTPEOHO
je ycMepuTH Ha n3basiaHcHpaHy nmpuMeHy hyOprBa Kao 1 arpOTeXHHKE, Y3 aJeKBa-
TaH u300p 3acaja/yceBa paay NOCTH3amba ONTHMAIHOT KOpHIThema IoTeHIHjala
3eMJBUILTA ¥ OZIP’KUBE IIJIOHOCTH.

Kibyune peun: anmaudukaryja 3eMJbHIITA, CTEIIEH OCETIBUBOCTH, TIOJHOIIPUBpE-

nHO 3eMibniite, OnmrtuHa Jby6oBuja
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SOIL ACIDIFICATION AS A LIMITING FACTOR TO AGRICULTURAL
PRODUCTION IN THE MUNICIPALITY OF LJUBOVIJA
Abstract: The process of soil acidification means, above all, a reduction of soil
solution pH. It can be the result of slow, years-long natural process or consider-
ably accelerated due to a combination of natural processes and anthropogenic in-
fluences. Acidification is a very important factor in the permanent degradation of
the fertility of soil, as the most important and hardly renewable natural resource.
Studies on soil susceptibility to the process of acidification were carried out in the
Municipality of Ljubovija, using three methods. Defining of the degree of soil sus-
ceptibility to the process of acidification allows timely activities aimed at the reduc-
tion of overall soil acidity. Management of agricultural land, in isolated areas, must
be focused on a balanced use of fertilizers and agrotechnical measures, using proper
planting /crops to achieve the optimum use of resources and sustainable soil fertility.
Key words: soil acidification, the degree of susceptibility, agricultural land, the

Municipality Ljubovija

1. YBOJ

[pouec anmanpukanmje MoXe ce cMaTpaTH OCHOBHUM Y3POYHHKOM CMambCHE
MPOAYKTUBHOCTH MOJBONIPUBPEeNHUX 3eMsbnmTa (Mrvié, 2012), koju je y mpeTXonHOM
MIEPHOY 3HATHO yOp3aH aHTPONOTeHUM (paKTOpHMa IIpe CBera MoBehaHnM eMucHjaMa i
JeTIo3rIIMjaMa KICeINX TOTyTaHaTa i HeaJeKBaTHOM yIoTpeOoM MUHepaTHuX yopruBa
(Sparks, 2002). CreneH oceT/bHBOCTH 3€MJBHINTA HA TIPOIIEC alfuANHUKaINje IehIHH-
caH je my(hepHIM KamauTeTOM 3eMJBHINTA, OTHOCHO F-eTrOBUM (PH3MYKUM H XEMHUjCKHM
CBOjCTBHMA.

Anunudukamuja 3eMJBHINTA j¢ TPOIEC KOjU JTOBOAM 10 mopemehaja mydepHux
cnocobnoctu 3emspuinTa (Feigenbaum et al., 1981; Tributh et al., 1987), npe cBera
MyTeM M3MeEIlTamba ¥ UCIUpPamka joHa KajlujyMa U Maraesujyma. [Ipu uspaxenoj amu-
nu¢ukanuju mopehasa ce MOOMIHOCT aIyMHUHHjyMa KOjH Y BUCOKUM KOHIICHTpAI[HjaMa
nocraje Tokcuian 3a ouseke (Haynes, 1984; Kinraide, 1991). Y ycnoBuma nosehane
KHCEIoCTH 3eMJbuInTa hocdop, Kao jeaaH o Haj3HAYAJHUJUX MAaKpOeIeMeHaTa, Be3UBa-
BeM y okIynoBaHe o0uke ca Al u Fe moctaje Temko npuctymnadas 3a ousbke (Barber,
1995). C npyre ctpane moBehaHa pacTBOPJBMBOCT HEKUX MHUKpoeleMeHaTa (Hmp. Zn)
IpHU HUCKUM pH BpeqHOCTHMA 3eMJBHIITHOT PACTBOPA MOXKE YCIOBUTH HUXOBO YOP3aHO
HUCnupamn€ U3 30HE KOPCHOBOT CUCTEMA U TUME Y3POKOBATHU HEIOCTATAK XaHJbUBUX MATEC-
puja 3a ousbke. LlITeTHn MuKpoeneMeHTH y yciioBuMa nosehane konueHtpanuje H' jona
npenase y Jakonpuctynadne oonuke (Sauerbeck and Lubben, 1991).

CrerneH 0CeTJbUBOCTH 3€MJBHILTA NTpeMa aliAn(UKaIUjH, YCIOBJbEH je y IPBOM
pely TEeOJIOIIKOM TOIOTOM, OJHOCHO THIIOM M CTOTIOM pa3Jiaramba MaTUYHOT CyTICTpa-
ta (Bergholm, 2003), cBojcTBUMA 3eMJbHUIITA (PEAKI[HjOM 3EMJBHIIHOT PacTBOpa, 3a-
cuhenoct 6azama (BS), kanauurerom katjoHcke uzmene (CEC), TekCTypoM 3eMIbHIITA,
caJipKajeM opraHcke MaTepuje) U HaurmHOM Kopunihewa (Misson et al., 2001).
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V nocapammum uctpaxusamuma (Cakmak, 2013) yTephero je ma cy 3eMibu-
mTa Ha moapy4jy Ommrtuae JbyOoBwuja, 300r n3paxeHe KMCEIOCTH, y BEINKO] MEpH Orpa-
HUYEHUX MOJHONPUBPEAHNUX CIIOCOOHOCTH (58% MOBpIIMHA YMHE jaKO KUCETIa U KHCcena
3emspHITa). Ca eKOJOMIKOT acrekTa, HaMehe ce moTpeda aeoBama y MpaBIly 09yBamba
moctojehe MI0AHOCTH 3eMJBHITA U OJarOBpEeMEHOT CIipedaBarba Jajber Mmpoleca 3aKu-
ceJpaBama. Y TOM IHJBY, OMJIO je HEOMXOAHO Ae(PUHUCATH OCETIEUBOCT THX 3EMJBHIITA
Ha JTaJbU TpoIiec anuanpuKanmje.

Iuse pana je na ce yrBpau reorpad)cka pacnpocTpambeHOCT TUIIOBA 3EMJBUIITA
pasIUMYMUTOr CTEIeHa OCET/BMBOCTH Ha anuaudukanujy y onmtudu Jbybosuja npume-
HOM pa3IMYUuTUX METO/A. YHpaBJLarbe MOJbONIPUBPEAHUM 3EMJbUITHUM ITPOCTOPOM HaA
M3/IBOjEHUM IIOBpIIMHAMA, Tpeba yCMEpUTH Ha u30ajaHcupany npuMmeny hyOpusa kao
U arpoTexHuKe, y3 ofabup 3acajia/yceBa paju NOCTU3amka ONTHMAaIHOT Kopuihena 3e-
MJbUIITA U OAPKHUBE MPOAYKTHBHOCTH.

2. MATEPUJAJI U METO/J PAJA

2.1. Moapyuje mpoy4yaBama

Ioxpyuje Onmrune Jby6oBrja 00yXBaTa IOBPIIMHY Of OKO 356 km?, a yKym-
Ha moJsbornpuBpeaHa noppirraa uzHocu 20.890 ha (58,7%), mywme 3ay3umajy 12.220 ha
(34,3%). OnrruHa JbyOoBuja criaa y OpICKO-INIAHUHCKO TOAPYYje U JCIOM paBHHYAP-
cko y monunHama peka pune, Jbyoosuje u Tpemmuiie. Hajsehe mopprHe 3ay3umajy
OpaHHUIle ca KyKypy30M M JIyBaHOM Ha MarbMM HaIMOPCKUM BUCHHAMa, a Ha BehuM HaJI-
MOPCKHM BHCHHaMa OpaHHIIC Ca OBCOM M jeuMOM. 3HauajHe MOBPIIHHE CY MOJ 3acau-
Ma Bohaka: IJbHBa, MaJMHA U KYIHHA,
Ka0 U Mallbauma.

e

2.2. IIpoyyaBama 3eM/bHIITA

V3opuu 3emibUIlITa y3€TH CY
tokom 2012. roguue, ca moxpydja 19
KaTaCTapCKUX OIIITHHA. Y30PKOBAHE
j€ M3BPILEHO ca TMOJHOIPUBPETHOT 3e-
mubniTa Ha 422 nokanuje (Ciuka 1.).
Ha cBakoj nokanuju Ha 1younu ox 0-20
cm 3emJpuIITa y3eTo je mo 10 mojemau-
HAYHHUX y30paKa, o1 KOjuX je (popMHu-
paHo Mo TpPH KOMIIO3MTHA y30paka 3e-
M.H:I/IH.ITa..HaKOH y3uMamba y3opaka 3e- He JhyGosija
MJBHIITE J€ BA3MYIIHO CYIICHO U yCUT-  Eigyre 1. Distribution of samples in  the
EEHO J10 2 mm. Municipality of Ljubovija

Canka 1. Pacriopen y3opaka Ha nozapy4jy Onmru-
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Cauka 2. Tlemononika KapTa Ipoy4aBaHOT TOAPYIja
Figure 2. Soil map of the study area

A ncopnituBau komiuteke 3emipumita (CEC, BS) onpelen je metogom mo Kaneny.
Xemujcka peakiija 3eMJpHINTA je oxpehena nexamerpom u3 pactsopa 1:2,5 y Boau u'y
IN KCI. Canpxaj CaCoO, onpeheH je BOIyMETpHjCKOM METOAOM IOMONY KalluMeTpa
(SRPS ISO 10693/2005), a cagpkaj usmenssuor Al ekcrpaknujom y 1M KCl u mepe-
weM Ha [CP-y.

3acTynJBEHOCT MOjeANHNX THITOBA 3eMJBHINTA IpHKa3aHa je Ha cauiy 2 (Ilexorno-
mka kapta P Cpouje 1:50.000). Anuctpruuno cmele 3emspumTe je 3acTynsbeHo Ha 65,07%
MIOBPIINHA, peH/I3HHE Ha 24,28% MOBpIINHA, aJIyBHjaJIHO 3eMJbHIITE Ha 6,31% moBpmIu-
Ha, paHKepH Ha 2,4% ToBpIINHA, eyTpUIHO cMelhe 3emubnmure Ha 1,43% 1 KOITyBHjaITHO
3emspninTe Ha 0,51% mospmnnHa (Ciuka 2.).

2.3.IIpoueHa cTeneHa 0ceT/bHBOCTHU 3eM/bHIITA PpeMa auuanuKanuju

2.3.1. Meroa Holowaychuk &Fessenden (1987)

[IpoileHa OCET/HMBOCTH 3eMJBMINTA Ha anuaudukamnujy, npema meroay Holo-
waychuk & Fessenden (1987), kao kjbydHa CBOjCTBA 3€MJBHUINTA YKJbYUyje BPEIHO-
cru kananurera katjoncke usmeHe (CEC) u pH BpemHoctu y Boau. KomOuHaiujom
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BpPETHOCTH OBa JIBa CBOjCTBA 3e€MJBHMINTA HacTaje 16 KOMOWHAIMja 32 TPH KaTErOpHje
OCETJBUBOCTH 3E€MJBHILTA: OCETIFMBOCT HA I'yOHTaK 0a3a, 0CETIBHBOCT Ha IPOLEC allu-
nuduKannje, OCETIHIBOCT Ha PaCTBOPJEUBOCT alyMHUHHjyMa. Ha 0CHOBY oBe Tpu rpyte
rmapaMeTapa OCeTJFMBOCTH Ha Kpajy ce yTBplyje yKyITHa OCETIEUBOCT 3eMJBHIIITA HA ITPO-
nec anuandukamyje (tadena 1).

Ta6exna 1. Kputepujym 3a onpehuBame 0CeT/bUBOCTH 3¢MJBHINTA NPEMa aliuAn(pUKaIIjH IpeMa
Holowaychuk &Fessenden (1987)
Table 1. The criterion for defining the susceptibility of the soil to acidification according to
Holowaychuk &Fessenden (1987)

OcetsbuBocT Ha / Susceptibility to: v
KyInHa
CEC pH Fyg“TaK A @ - Al 0CET/bUBOCT
. 4 aza unaupukaumjy | PacrBopsbusoct
(meal00g™) | wHO | icof |  Acidificati Solubility Al v
b cidimcation olubility susceptibility
ases

<4.6 H L H H
4.6-5.0 H L H H

<6 5.1-5.5 H M H H
5.6-6.0 H H M H
6.1-6.5 H H L H
>6.5 L L L L
<4.6 H L H H
4.6-5.0 M L H M

6-15 5.1-5.5 M L-M M M
5.6-6.0 M L-M L-M M
>6.0 L L L L
<4.6 H L H H
4.6-5.0 M L H M

>15 5.1-5.5 M L M M
5.6-6.0 L L-M L-M L
>6.0 L L L L

Jlerenpna / Legend: L-nucka, M-cpenma, H-Bucoka / L-low, M-medium, H- high

2.3.2. Metoaa Cinderby (1998)

Meton Cinderby (1998) je mMeTon rimobaiHe IPOICHE CTaTyca aluguuKanmje.
KamanureT HeyTpanusanuje KHCeIoCcTH (Mypepcku KamamuTeT) y OBOM METOAY Ipe-
CTaBJBCH je caJpkajeM 0a3a M KamalMTETOM KaTjOHCKe u3MeHe. Ha oCHOBY perpeseH-
TatuBHUX BpenHocTH BS (3acuhieHoct 6a3zama) u CEC (kamanuTeT KaTjOHCKE H3MCHE)
3a CBaKM THII 3eMJBHINTA NCPUHUCAHE Cy KJIACe OCETJbUBOCTH IIPEMa TUITY 3EMJBHIIITA.
Jedunncame 0BUX BPEIHOCTH M3BPILIEHO jeé HAKOH BEITUKOT Opoja aHATH3a y30paka 3a
CBAKH THIT 3€MJBHIIITA.
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2.3.3. Metoa Kuylenstierna (2001)

Kuylenstierna (2001) MeTox Kao KpUTEPHjyM OCETJEHBOCTH 3EMJBHINTA IIpeMa
anuandukannju ykipydyje kanmanuret katjoucke nsmene (CEC) u 3acuhenoct 6a3ama
(BS). Ha ocnoBy tpu xareropuje CEC n 5 xareropuja BS nepunucano je 5 kiaca
OCCTJBUBOCTH 3EMJBHINTA HA TIpOIieC anuaudukanuje, on I (Beoma ocerspuBa) 1o V (cia-
00 oceTJbuBa), (Tabemna 2).

Tadena 2. Kpurepujym 3a onpehrBame 0CETIHUBOCTH 3eMJBHIITA ITPeMa allIuPHUKALIU]H TpeMa
Kuylenstiern memoou (2001)
Table 2. The criterion for defining the susceptibility of the soil to acidification according to the
Kuylenstiern method (2001)

CEC (cmol/kg)
<10 10-25 >25
0-20 | | |
© 20-40 | I 11|
=
- 40-60 1 11 v
< 60-80 I v \Y%
80-100 \Y% \Y \Y%

2.3.4. I'eocTaTHCTHYKE aHAJIN3€E

Kaprorpadcka obpana mogaraka ob6aBibeHa je ymorpedom I'MIC mporpama Arc
View 8.3. I'eonpocropHa AMCTPUOYyIMja CBOjCTaBa 3€MJBHIITA BpPIICHA j¢ MPHUMEHOM
obuunor kpurunra (Ordinary Kriging) kao MHTepIoJalujcke MEeTo/Ie.

3. PE3YJITATH

3.1. XemHujcka cBOjCcTBA MPOYyYaBaAHUX 3eMJ/BHINTA

XeMHjcKa CBOjCTBA MIPOYYaBaHUX 3eMJBHUINTA IPHKA3aHa cy y Tabesu 3.

Kiaca jako xucenux 3emspuinta (pH mo 4,5 y IN KCl-y) koja HUCY MOBOJbHA
3a rajeme BehMHe MOJLONPHUBPENHUX KYJITypa, 3acTynsbena je Ha 9,81% mnopiuuHa,
YIJIaBHOM Ha HajpaclpoCTpameHHjeM THUITy 3eMJBHINTAa — JUCTPHYHOM cMmehem
3eMJBHLITY Ha KHCEIIUM CTeHaMa (TpaHUTHUMAa, IIKPUJbIIMMA U IeIIYapuMa). 3eMJbHIITA
kucene peakuuje (pH 4,5-5,5) 3actymmbena cy na 47,92% mnoBpiminHa, a 3eMJBUIITA
ciabo xucene peakuuje (5,5-6,5) Ha 34,82% noBpinHa. 3eMJbUIITA HEYTPATHE U 1200
aJIKaJTHE peakItje 3acTyIJbeHa cy Ha 7,45% MoBpIlIMHA YTIIaBHOM Ha €y TPUIHUM cMehum
3eMJbMLITHMA, HJIM ajlyBHjaTHUM 3€MJbUIITHMA, Koja Hajuenihe canpxe CaCO,.

Kucena 3emsbuiITa CE jaBJbajy YIJIABHOM Y LIGHTPAJIHUM JIEJIOBUMA [TPOYUYaBaAHOT
moapydyja, Ha 17.066 ha. 3emipnmita cnabo Kucese 10 HeyTPpaJIHe Peakiije Cy MOBOJbHA
3a BeliMHY TIOJbONPUBPEIHNX KYITYpa H 3aCTyIJbEHA CE YTIIaBHOM Ha 00OXHUM JEJIOBHU-
ma ommtuHe (15.056,6 ha).
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Tabesa 3. ONITH CTATUCTUYKH ITOKA3aTeJbH UCITMTUBAHUX napamMeTapa 3€eMJbUulITa

Table 3. General statistical indicators of the studied soil parameters

CraTucTuuku wsmen. Al
napamerpu / pH pH BS CEC Caco, exchangey;ble Al
Statistical (yH,0) | (yKCD) | (%) | (cmolkg™) (%) (mg-100g™)
parameters
MuH / Min 3.91 3.30 0.44 7.9 0 0
Max / Max 8.54 7.60 100 100 12.22 43.89
Cr. [leBujaruja /
Standard deviation 1.14 .12 | 31.14 26.88 1.96 4.54
Mpocex/ 620 | 530 | 280 3548 0.96 132
Average

Cazprkaj MOOHITHOT allyMHHHjyMa y MpOyYaBaHHM 3eMJbUIITHMA Kpehe ce ox
0-43,89 mg100g™ (rabena 4). Ha mogpyujy Omurune Jby6osuja, Ha 5,4% npoydaBaHHX
3eMJpHINTA cajpxaj MoouiHor Al Behu ox 5 mg/100g.

Ta6ena 4. Cagp:xaj mobmtHOT Al y 3eMibHIITY
Table 4. Mobile Al content in the soil

Al (mg100g™?) ha %
o5 33.693,79 94,60
5-10 1.545,71 4,34
10-34 377,91 1,06
35.617,41 100,00

3.2. OceT/bUBOCT 3eMJBHIIITA NMPeMa Npouecy anuanpuranuje

Kopucrehu Hampen momeHyTe KpUTEpHjyMe 3a OIEHY YKYITHE OCETJbBMBOCTH
3eMJBHINTA Ha Ipouec anuaudukanuje, MPOCTOPHO cy jAedUHHUCAHE IOBPIIMHE ca
03HAUCHUM KaTeropujaMa OCeTJbHBOCTHU IIpeMa aHATU3UPaHUM METOaMa.

ITpema Holowaychuk & Fessenden metonu (1987), ykynHa OCETJLUBOCT Ha ally-
nudukanujy neuHUCaHA je Ha OCHOBY TPH KaTEropHje OCETJbMBOCTH: OCETIHUBOCT 3€-
MJBMIITA Ha TyOuTak 6a3a, OCETJPUBOCT Ha IMpoOIeC anmuan]uKaiuje, 0CeTbUBOCT Ha
pacTBOPJBUBOCT aJTyMUHH]jyMa.

OceT/bMBOCT HaA IyOHMTaK 0a3a Opa3yMeBa OCETIBHMBOCT HA HCIIHPamke Oa3HNUX
Karjona, pe ceera Ca?, Mg? u K' jouuma H'. IToBehame KHCENOCTH 3eMIBUIITA yTHYE
Ha cMameme KOHILeHTpanuje 6azHux karjona (Ca, Mg, K) u muxpoenemenara (Zn,
Mo). Ha cnunu 3, nprkasaHa je OCCeTJBUBOCT Ha TyOuTak 0a3a u3 3emspHinTa ONIITHHE
Jby6oBHja, rme ce BUOM Ja MOCTOje 3HAYajHE MOBPIIMHE Yy IEHTPATHOM, jy)KHOM U
JYTOMCTOYHOM JIeTy OTIITHHE ca jakKOM MM YMEPEHOM OCeTJbHBOIITNY Ha ryouTak 0asa.
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Ciuxka 3. OceTJ/pbUBOCT 3eMJBHIITA HA TYOUTAK
6a3a

Figure 3. Susceptibility of the soil to the loss
of bases

Cunka 4. CreneH 0CTeJbUBOCTH 3eMJbUIITA HA
npoiiec anuauduKanmje

Figure 4. Degree of susceptibility of the soil to
acidification

OceT/bUBOCT peMa anuaupuKanuju (kao Apyry napamerap yKyIrHe OCeTIbH-
BOCTH 3eMJBbHIITA) Ha Tozipy4jy Onmrune JbyOoBuja HUje moceOHO U3pakeHa (ciauka 4).
YcTaHOBJBCHE Cy caMo JBe Kareropuje: ciada u cinabo-yMepeHa anuaupukanmja, Mehy

KOjuMa JIOMHHUpa ci1aba 0CeTIbUBOCT.

OceT/bHBOCT Ha PACTBOP/LHBOCT AJYMHHHjyMa je BPJIO BaKaH Iapamerap 3a
olpehuBame yKyIHe 0CeT/bUBOCTH Ha anuandukanujy. Ha ocHOBY nmpuka3aHUX MOBp-
mIHa (CTrKa 5), Mojke ce KOHCTATOBATH J1a je Ha IPOyYaBaHOM MOAPYYjy HajBUIIE U3pa-
JKEHA jaka U yMepeHa OCeTJbUBOCT 3¢MJBHUILITA Ha MI0jaBy PACTBOPJHHBOL allyMUHHUjyMa.

VYKyIHa OCETJ/PHBOCT 3€MJBUINTA IIpeMa anuaudukanuju npema Holowaychuk

& Fessenden metonu (1987) je yrmaBHOM
cnaba u cimabo-ymepeHa (caunmaBa 64%
TEPUTOPH]E), a OCTAIH O TEPUTOPHUje Cy
MOBPIIMHE ca yMepeHoM (25%) u jakom
(10,8%) ocetmmuBomhy (Tabema 5, cnuka
6). Y 30HU cmabo u cmabo-yMepeHe oce-
TIBUBOCTH Cy PACHPOCTPABCHA €y TPHYHA
n kapOoHaTHA cMel)a 3eMJBHINTA, PEHI-
3uHe, (hIyBHjaJiHA W IEIIOM IHCTPUYHA
cmeha 3emspuIITa. 30HE yMEpeHE oce-
TJBUBOCTH Ha alUuAu(UKAIN]y W3ABajajy
ce Yy OKBHUPY 3€MJBUIITA THUIIA JTUCTPUYHO
cMmelhe 3emspumIITe HAa BehUM HaIMOPCKUM
BUCHHAaMa, JIOK CE 30HE jaKe OCETIBUBOCTH
jaBJpajy Ha 3eMJBUIITHMA THUIIA PaHKEP U
CHPO3EM.
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Cuauka 5. OceTspHBOCT 3€MJBHIITA HA PACTBO-
PIBPHOBOCT alyMUHHjyMa

Figure 5. Susceptibility of the soil to Al
solubility
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IMpumenom metoxa Cinderby (7998)
M3IIBOjeHe Cy 4 KIlace OCETJBHBOCTHU (CIIH-
ka 7). Hajsehe moBpmmne 3aysumajy 3e-
MJBHMINTA THUNA AUCTpUYHO cMmehe 3eMibu-
mre (Dystric Cambisol) koju cy cBpcTaHu
y Il k;macy oceTsbUBOCTH (OCETIHMBA 3€MJbH-
mrta). [To obony n3yguaBaHor moapydja (or-
mITHHE) pacropeljeHa Cy 3eMJBHINTA THIA
PCH/3MHA, AJTYBHjATHO 3EMJBHINTE U €y-
TpU4YHA U KapOoHaTHA cMel)a 3emubHIITa KO-
ja mpunaaajy IV u V kiacu oceT/buBOCTH
(cmabo oceTspHBa M BeOMa CJ1ab0 OCETIHHBA)
Ha Tporec anuaudukanije. MecTHUMHUYHO,
Ha CBepo3arany W jyrOUCTOKY, pacmopehe-
Ha Cy 3eMJBHINTA THIIA PAHKEP M CHPO3EM,
KOjU ce cBpcTaBajy y | kilacy oceTsbHUBOCTH
Ha MpoIleC aluIu(puKaImje.

TaGesa 5. YKyIHa 0CETIbUBOCT 3eMJBHILTA
Ha anuanuKanujy

Table 5. Overall soil

susceptibility to

acidification
KaTerop?l]e ha %
Categories
Craba 1147891 | 32,23
Low
Cnabo —ymepena | 1) 4r6 45| 3180
Low - moderate
Ymepena
Moderate 893306 ol
Jaxa
High 3.857,00 10,83
35.617,41 | 100,00

ITpema Kuylenstierna meronu (2001), Haj3acTymbeHHja Cy 3€MJBHIITA ca Cla-
060M 1 ci1laboyMepeHOM YKYIHOM oceTsbuBolnhy Ha anuaudukanujy (84% tepuropuje),
3HATHO Mame j€ 3eMJBHIITA ca yMEPEHOM oceTsbuBoIhy (15,67%) n Beoma Maiio ca jakom

oceTspuBoIThy Ha mporec anuaudukamnuje (0,26%), Tabena 6, cnuka 8.

3one cmabo u cmabo-yMepeHe OCeTJEUBOCTH CE jaBJbajy HA €yTPUIHOM, Kapbo-
HaTHOM M JJUCTPUYHOM cMel)eM 3eMIBHIITY, PEHA3HMHH 1 a7y BHjaTHOM 3eMJBHINTY. 30HE
YMepeHE M jaKe 0CETIbMBOCTH Ha alluIN(HUKAIN]y U3/Bajajy Y OKBHPY THIIA TUCTPHUYHUX

cMelux 3eMIBHINTA, paHKEepa U CHPO3eMa.

Cuamka 6. YKynHa OCeTJbUBOCT 3eMJBHIITA Ha
npouec anuuanpuKarmje

Figure 6. Overall susceptibility of the soil to
acidification according to the Holo-
waychuk &Fessenden (1987) model

Kiaso osatljivest (Cinderby)

b ]
1' T Husaie
¥ M0 osenren
BV eoma vato csetpen

"
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Cauka 7. Kiace 0cTe/bUBOCTH 3eMJBHINTA HA TIPO-
nec ammmudukanygje (Cinderby 1998)
Figure 7. Soil susceptibility classes according to

Cinderby (1998)
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Tabena 6. YKynHa 0CeTJbUBOCT 3€MJbUINITA
Ha aluAnGHUKALN]Y
Table 6. Overall susceptibility of the soil to

acidification
KaTeropf/IJe ha %
Categories
Veoma jaka
Very high 0,68 0,00
Jaka
High 92,38 0,26
Yuiepetia 558300 | 15,67
Moderate T ’
Cnabo —ymepena | 15 176 73 | 4347
Low - moderate
Carada 14.814,61 | 41,59
Low
35.617,41 | 100,00

4. JIUICKYCHJA

[MoBehamwe KHCENOCTH 3EMJIBUIITA
yTHYC HAa CMameHE KOHICHTpanuje Oa-
3HuX KatjoHa (Ca, Mg) u MUKpoenieMeHarTa
(Zn, Mo), a na noBehame canprkaja MOOMII-
Hor Al, Fe u Mn. Ca cmamemem pH ucmon
4,5 3HavajHO ce moBechaBa caapikaj u3Me-
wuBor Al, a npema Huang-y (1988), npu
pH BpenHocTH Hcmoa 4 JOMUHHPA MOHO-
Mepau Al¥" 06HK, KOjU je HAjIITETHHjU
3a ouspke. Foy (1988) HaBoau a cMameme
kucenoctu 3a camo 0,1 pH jequnuiry, moxe
Ja YABOCTPYYH KOHICHTPAIM]y HU3MCHH-
Bor Al*"y 30uu xopenosor cucrema. [pe-
ma Clark-y (1981) 3emspuinra ca pH< 5,
MpelCcTaBiba IUMUTHPAjyhn akTop pacra
3a MHore ouseke. M3mely pH BpenHocT 1
cajJpkaja MOOWMJIHOT ajJyMHUHHUjyMa y 3e-

MJBHINTY yTBpheHa je HeraTnBHa M BHCOKa JIMHeapHa Kopenanuja, R=-0,795 (Sikirié
et al., 2009). Y kuceanM 3eMJbUIITHMA CaJpKa] YKYIHOT aJJyMHHUjyMa y 36MJbUIITHOM
pacTBopy, Ipe cBera, MOHOMEPHOT 00JIMKa aJlyMUHHIjyMa, UMa Makhe ITeTaH edexaT Ha
KOPEHOB CHUCTEM, YKOJIMKO CE OBa 36MJBUIIITA OMJIMKY]y BehUM KamanuTeToM KaTjoHCKe
U3MeHe u caapxkajem 6a3za (Mrvié et al., 2012).

Cuamnka 8. OceT/bHBOCT 3€MJbUIITA HA  IPO-
nec amuaudukanuje (Kuylenstierna
2001)

Figure 8. Susceptibility of the soil to acidifica-
tion according to the Kuylenstierna
(2001) model
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[IporieHoM oceTJEMBOCTH TIpeMa
nporecy anuan@uKanuje MmpoydyaBaHUX
3eMJBbMINTA TNpUMEHOM Metoxe Holo-
waychuk & Fessenden (1987), youaBa ce
Be3a m3Mel)y oceThMBOCTH Ha TyOHTaK
6aza W PacTBOPJBMBOCTH AJTYMHUHHUjyMa
ca yKyITHOM OceTJbuBoOIIhy Ha anuanu-
kanujy. IloBpmmHe O3HaueHe ca jaKkoM,
OJTHOCHO yMEpEHOM, oceT/puBoIIhy Ha
ryOuTaxk 6a3a M pacTBOPJBHBOCT alyMHU-
HjIyMa,CKOpPO Cy HJICHTHYHE TOBPITNHAMA
ca jakoM (OJHOCHO YMEpPEHOM) OCCTJBhH-
Bourhy Ha anuaudukanmjy.

Hajseha ocetssmBOCT 3eMIbHINTA
j€ yCTaHOBJbCHA y TIpenennMa Behux Hal-
MOPCKUX BUCHHA, T/I€ CY 3eMJBHIITA IUINT-
Ka, JJAKOI' TEKCTYPHOI' cacTaBa, HacTraja
Ha PaHUTHMA U UMajy HU3aK KaranuTeT
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aJICOpIIIIM]je KaTjoHa, TIOTO/IaH 3a JIaKO NCTTHpame 0a3a, a IITO 3Ha4ajHO yTHYE HA YKYTIHY
OCETJBUBOCT Ha allUIU(PUKALIA]Y.

YrBplheHo je na 3emsbniita Ha 5,5% teputopuje Onmurure JbyOoBHja caapxe BU-
we ox 5 mg100g™! 3emibMIITa H3MEHJBUBOT alyMUHHIjyMa. KOHIIEHTpaLuje M3MEHIbHBOT
anymuaujyma Behe ox 6-10 mg100g™" Mory umaru mreTHo aejcTBo Ha 6uibke (Dugalid,
1997). Ilpema TomMe, y 3aBUCHOCTH O] TCHICHIIM]E AaJbel 3aKUCE/baBambha, MOCTOjH MOTCH-
nujaiHa MmoryhHoct ociiodaharma H3MEHIBUBOT ATy MUH]HUYMa, a Taj IpoIiec Ou Morao Ou-
TH orpaHnyaBajyhu GakTop nosbonpuBpeHe TPOU3BOAKHE OUIBHUX KYITYpa.

Ipema metonu Holowaychuk & Fessenden (1987) noBpiirnHaMa ca jako KHCEIOM
peaxujom (9,8%) ckOpo y MOTIYHOCTH oAroBapajy mnospimne ca jakom (10,83%) mo
YMEPEHOM YKYITHOM OCETJbUBOIINY Ha aluaAn(pHUKaLHNjy, TOK CE MOBPIIMHE ca KUCEIOM
peaxujom (47,92%) yrnaBHOM IOKJamnajy ca MOBpIIMHAMa Koje KapakTepuiune ciiado-
ymepena (31,80%), cinaba, a Mambe yMEpeHa YKYITHA OCETJbUBOCT Ha anuaupukanujy. Y
onHocy Ha meton Holowaychuk & Fessenden (1987), Tae je ycTaHoBJbeHa onpeleHa Beza
usmelly pH 1 yKyIHe 0CeT/bHBOCTH MpeMa anuaudUKaIHjH, HCTa Ce HE MOXKE KOHCTATO-
Batu y ogHocy Ha Kuylenstierna meton (2001).

W3melhy HaBeneHHX MeToa IOCTOje 3HadajHe pasiMKe Y BPEAHOCTHMA YKYITHE
oceTJpMBOCTH Ha anuaudukanujy. IlocebHO cy ymaapuBe pas3nuke y MOBpIIMHAMA ja-
K€ 0CeTJbMBOCTH Ha anuaudukanujy (tadene 4 u 5), kojux xon Kuylenstierna merone
(2001), cxopo n Hema (< o 1% Tepuropuje). 3emipHTa ca HUCKOM pH 1 MamoMm 3acu-
henonrhy 6azama, Beh cy 3HauajHO 3aBpiIMIIAa CBOj IIpoIleC alAN(UKAIINje U TEIIKO Ce
MOT'y hajbe 3aKucesbaBaTH. 300r Tora je u Kuylenstiern meron (2001), koju yKJbydyje
CEC u BS kao mapameTpe, 60Jb1 1 TAUHUJU METOJ y Ae(DUHICAY TOBPIIMHA HA YKYITHY
OCETJPHBOCT NpeMa aluInUKAIH]jH.

W3nBojere kmace nmpema meronu Cinderby (1998) mokasyjy cmarame oxpeleHor
CTEIeHa ca OCTalle JBE METOJIe, OJHOCHO jaCHO JCe(HHUCAKE OCCTIFUBHX U HEOCETIbU-
BHUX, Ka0 U EKCTPEMHO OCETJBHBHX 3¢MJBUINTA Ha IIpoLec anuaudukammje. Moxe ce yo-
YHTH Jla C€ OBOM METOIOM HE M3J1Bajajy 3eMJBUILNTA yMEPEHO OCET/bHBA Ha IIPOLEC allu-
nuukanuje (111 xmaca), koja cy mpuMEHOM IpyTe IBE METOAC U3BOjeHA Y OKBHPY THIIA
JUCTPUYHO cMele 3eMIbHIITE.

5.3AK/bYUYAK

Y uusby neduHmcamba Mojapydja ca u3pakeHoM oceTsbuBOLINYy TpemMa anuanpu-
kanuju, onpehena je ocetspuBocT 3eMibnmTa Ommtrae JbyOoBHja Ha mporec anuau-
¢bukanuje npumenoM tpu moxena (Holowaychuk & Fessenden meton (1987), Cinderby
(1998) u Kuylenstiern meton (2001)).

IIpema metoau Holowaychuk & Fessenden (1987), youaBa ce Be3a usmel)y oce-
TJBMBOCTH Ha TyOuTak 0a3a M pacTBOopsbMBOCTH Al ca yKymHOM oceTsbuBomIlly Ha
AU IupUKaIn]y.
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MeTox Cinderby (SEI) ce y okBupy ri06airHe mpolieHe OCTEJFHBOCTH MOXKE CMa-
TPaTH NOTOJHHUM 33 F€OIPOCTOPHO JIe(PUHUCAE CKCTPEMHO OCCTIEUBHX-0CSTIEUBHX 3€-
MJBHIITA M 3MJBUIITA BEJTHKOT ITy(EepPHOT KaraluTeTa, Kao IPBH KOPAK MPOLICHE PU3HKA.

VY onnocy Ha Holowaychuk & Fessenden-meton (1987) meton Kuylenstiern (2001),
koju ykisyuyje CEC u BS kao nmapameTpe, 00JbH je ¥ IPEUU3HUJU Y IePUHHUCAILY TTOBP-
IIMHA Ha YKYITHY OCETJEUBOCT MpeMa aruan(uKaujm.

Ipema Kuylenstiern metony (2001) jaka yKymmHa OCET/bUBOCT Ha alluIUPUKALIH]Y
semubnita Onmrunae JbyOoBuja, 3actymibena je y 0,26% (92,38 ha), ymepena y 15,67%
(5.583 ha). Takole, mpumerom meroze Cinderby (1998) He n3aBajajy ce 3eMJbHINTA yMe-
peHo oceTsprBa Ha mporec anuandukamnyje (111 kiraca), koja cy mpuMeHoM pyTe 1B Me-
TOJIe M3ABOjHA Y OKBUPY THITa AucTpudHO cMmehe 3emspumte (Dystric Cambisol).
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SOIL ACIDIFICATION AS A LIMITING FACTOR TO AGRICULTURAL PRODUCTION
IN THE MUNICIPALITY OF LJUBOVIJA

Summary
The process of acidification can be considered the primary cause of a reduced productivity
of agricultural land (M rvi¢, 2012), which had previously been significantly accelerated by anthro-
pogenic factors, especially increased emissions and deposition of acidic pollutants.

In previous studies (Cakmak, 2013) it was found that the land of the Municipality of
Ljubovija has greatly limited agricultural capacity (58% of the area are very acid and acid soils) due
to its strong acidity. From an environmental point of view, there is a need to act in order to preserve
the existing soil fertility and timely prevent further acidification processes. For that purpose, it was
necessary to define the susceptibility of the soils to the further process of acidification.

In order to define areas with high susceptibility to acidification, the susceptibility of the
soil in the Municipality of Ljubovija was defined by using three models (the Holowaychuk & Fes-
send-method (1987), Cinderby (1998) and the Kuylenstiern method (2001)).

According to the Holowaychuk & Fessend (1987) method (1987), the overall susceptibil-
ity to acidification is generally weak and weak-moderate (constitutes 64% of the territory), and the
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rest of the territory consists of areas with moderate (25%) and severe (10.8%) susceptibility (Table
6, Figure 7).

The classes defined according to the Cinderby method (1998) show a certain degree of
agreement with the other two methods, i.e. a clear definition of susceptible and non-susceptible
soils, as well as soils that are extremely sensitive to acidification processes. In those terms, the Cin-
derby method (SEI) can be considered useful in the global assessment of susceptibility, as the first
step in the assessment of the risk of acidification.

According to the Kuylenstiern method (2001), a strong susceptibility to the acidification of
soils in the Municipality of Ljubovija, is present in 0.26 % (92.38 ha) and moderate susceptibility
in 15.67% (5583 ha) of the area. In addition, the soils that are moderately susceptible to acidification
processes (class I11) can not be defined using the Cinderby method (1998). These soils were defined
using the other two methods within the dystric brown soil type (Dystric cambisol).

The highest susceptibility of the soil to acidification was found in the areas of higher alti-
tudes, where the soil is shallow, built on granite substrates, characterized by a light textured struc-
ture and a low adsorptive complex suitable for an easy rinsing of bases. All these factors signifi-
cantly affect the overall susceptibility to acidification.
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